We propose a method which should allow to measure the approach towards chemical equilibrium in nuclear collisions. The method is based on the analysis of eventby-event fluctuations. A simple numerical example is considered.
Introduction 2 Description of the TE-Method
The experimental data on hadron production in elementary interactions (e.g. p+p interaction) show a strong dependence of the shape of the rapidity and transverse momentum distributions on the event multiplicity [6] . This means that hadron production in these processes is not independent when the distribution in the momentum space is considered. The correlated particle production causes large 'non-statistical' event-by-event fluctuations in elementary interactions.
In the case of A+A collisions an approach of the system towards global thermal equilibrium should wash out correlations present in elementary processes. Therefore one expects a reduction of the event-by-event fluctuations. Thus the measurement of the evolution of the event-by-event fluctuations in the kinematical variables (like rapidity or transverse momentum) with increasing size of the colliding nuclei allows to better understand the nature of equilibration in nuclear collisions.
A statistical method which allows to remove the influence of trivial geometrical fluctuations and the effect of averaging over many particle sources was also proposed in Ref. [3] . The appropriate measure of the fluctuations, e.g. in the transverse momentum p T , is constructed in the follwing way.
For every particle i one defines:
where p T is the mean transverse momentum of accepted particles averaged over all events (the inclusive mean). Using z i one calculates for every event
where N is the number of accepted particles in the event. The fluctuation measure 2 , Φ p T , is then defined as:
where N and Z 2 are averages (of event-by-event observables) over all events and the second term in the r.h.s. is the square root of the second moment of the inclusive transverse momentum distribution.
An important features of Φ p T are underlined in the case in which nuclear collisions are modelled as an incoherent sum of elementary processes. In this case the Φ p T value is independent of the number of superimposed elementary processes and its distribution in the analyzed event sample. It is thus equal to the Φ p T value calculated for a single elementary process (typically assumed to be nucleon-nucleon interaction).
Formulation of the CE-Method
The TE-method can be converted into a method allowing to study approach to chemical equilibration (CE-method) when the following is noted.
Hadron production in elementary processes (e.g. p+p interactions) is correlated not only in momentum space but also when the chemical composition (relative number of different hadronic states) is considered alone. In order to illustrate this statement by the experimental data [7, 8] the ratio of the mean K 0 S multiplicity to the multiplicity of negatively charged hadrons, n − , as a function of n − for p+p interactions at 200 GeV/c is shown in Fig. 1 . One sees that the probability that the produced hadron is a K 0 S meson strongly decreases with the event multiplicity.
The formal trick which allows directly convert the TE-method to the CE-method is the substitution of a kinematical variable used for fluctuation studies (e.g. p T as discussed in Sect. 2) by a delta function defined as:
where h i runs over all hadron species in the selected hadron set h and h 0 is the species selected for the fluctuation analysis. Then the variable z takes the form:
where the δ(h − h 0 ) can be interpreted as a mean probability that the produced hadron belonging to the hadron set h is of the type h 0 . For every event the
is calculated where the summation runs over all N hadrons which belong to the set h. Then without any further changes in the formalism of the TE-method the Φ(h 0 | h) can be calculated as:
which measures fluctuations of the number of particles h 0 in the set of particles h. As follows from the construction the important statistical features of the Φ(h 0 | h) variable are identical to the features of the Φ variable used in the TE-method (e.g. Φ p T ).
• In the case when the chemical composition of the event is independent of the event multiplicity the value of Φ(h 0 | h) is equal to zero.
• When a correlation between event multiplicity and the chemical composition is present than the value of Φ(h 0 | h) is greater than zero.
• For a system which is an independent sum of elementary processes the value of Φ(h 0 | h) is equal to the value of Φ(h 0 | h) calculated for a single elementary process independent of the number of superimposed elementary processes and its distribution in the analyzed event sample.
Note that the condition that the chemical composition is independent of the event multiplicity is not equivalent with the condition that the different particles are produced independently. This equivalence is present only when the multiplicity distributions of different hadrons are identical and independent.
It is however obvious that the approach of the system to chemical equilibrium should wash out strong correlation between the event multiplicity and the chemical composition observed in the elementary interactions. Thus a significant change (decrease) of the value of Φ(h 0 | h) is expected during chemical equilibration of matter.
The behaviour of Φ(h 0 | h) in equilibrium approaches (thermodynamical and hydrodynamical models) remains to be studied.
Numerical Example
In order to estimate the magnitude of the expected fluctuations measured by Φ(h 0 | h) variable the simple example of fluctuations of the number of K − mesons in the sample of negatively charged hadrons, h − is considered. We start from the describtion of the model used for p+p interactions at 200 GeV/c. The negatively charged hadron multiplicity, n − , distribution is calculated using the parametrization from Ref. [9] . It is assumed that a dependence of K − /n − on n − is similar to the dependence of K 0 S /n − on n − shown in Fig. 1 . Further we assume that the multiplicity distribution of K − mesons for a fixed multiplicity n − is given by the binominal distribution i.e.:
where n K is the kaon multiplicity and P K (n − ) is the probability that a negatively charged hadron is K − -meson. Following the data presented in Fig. 1 the P K (n − ) is parametrized as:
In order to study a dependence of Φ(K − | h − ) on the correlation between P K (n − ) and n − the parameter ∆ is chosen to vary between 0 and 0.035. The two extreme prametrizations of P K (n − ) used are indicated by dashed lines in Fig. 1 for the value of the parameter P K (1) equal to 0.13.
The dependence of Φ(K − | h − ) on the parameter ∆ is shown in Fig. 2 for two values of the parameter P K (1) equal to 0.13 (solid line) and 0.26 (dashed line). The second value of the parameter P K (1) is selected due to the fact that when going from p+p to A+A collisions a strangeness enhancement by a factor of about 2 is observed [10] . As follows from the definition of Φ(
is equal to zero. With increasing ∆ the fluctuations increase. The saturation and further decrease of Φ(K − | n − ) for large values of ∆ and P K (1) = 0.13 is due to the fact that for these values of parameters for a significant fraction of events P K (n − ) = 0 and thus the effective correlation decrease.
Using the above model we estimated that the number of events needed to obtaine 10% statistical error on Φ(K − | h − ) for P K (1) = 0.13 and ∆ = 0.02 is about 10 5 .
Summary
We proposed a method which should allow to measure the approach towards chemical equilibrium in nuclear collisions. The method is based on the analysis of event-by-event fluctuations. A simple numerical example of fluctuations of the number of K − -mesons in the sample of negatively charged hadrons was considerd. 
